Aims We tested the efficacy of daily contingent reinforcement for reducing alcohol use compared with (yoked) non-contingent reinforcement (NR) using a transdermal alcohol sensor to detect alcohol use. Design Pilot randomized controlled design with 1 baseline week, 3 intervention weeks and 1-month follow-up. Setting New England, USA. Participants Heavy drinking adults (46.7% female) not seeking treatment were randomized to (1) an escalating schedule of cash reinforcement (CR; n = 15) for days on which alcohol was neither reported nor detected or (2) yoked NR (n = 15). Intervention and comparator Reinforcement for CR participants started at $5 and increased $2 every subsequent day on which alcohol was not detected or reported, to a maximum of $17. Participants received no reinforcement for days on which alcohol use was detected or reported, and the reinforcer value was re-set to $5 the day after a drinking day. NR participants were yoked to the daily reinforcer value of an individual in the CR condition, in order of enrollment. Paired participants in CR and NR therefore received the same amount of money, but the amount for the NR participant was not behavior-related. Measurements The primary outcome was percentage of days without sensor-detected drinking. Secondary outcomes were number of consecutive days with no detected drinking, peak transdermal alcohol concentration (TAC), self-reported drinks per week and drinking below NIH low-risk guidelines. Findings Controlling for baseline, CR had a higher percentage of days with no drinking detected (54.3%) than NR (31.2%) during intervention weeks [P = 0.05, Cohen's d = 0.74; 95% confidence interval (CI) = 0.007-1.47]. The longest period of consecutive days with no drinking detected was 8.0 for CR versus 2.9 for NR (P = 0.03, d = 0.85; 95% CI = 0.08-1.61). Peak TAC during intervention showed a non-significant group difference (P = 0.20; d = 0.48; 95% CI = 0.00-1.18); a similar result was found for drinks per week (P = 0.12; d = 0.59; 95% CI = 0.00-1.30). Four times more participants in CR drank below NIH low-risk drinking guidelines during intervention than did participants in NR: 31.1 versus 7.1% (P = 0.07; d = 0.71; 95% CI = -0.04 to 1.46). At 1-month follow-up, the highest number of consecutive days without drinking (self-report) did not differ significantly between conditions (P = 0.26), but showed a medium effect size (d = 0.44; 95% CI = À0.32 to 1.18). Conclusions Cash incentives linked to a transdermal alcohol sensor can reduce heavy alcohol consumption while the incentives are in operation.
INTRODUCTION
Contingency management (CM) is among the more effective strategies for promoting abstinence in the treatment of substance use disorders [1] [2] [3] . CM protocols are designed to reinforce target behaviors (e.g. a negative urine drug screen) that are aligned with treatment goals (e.g. maintained abstinence) by delivering a tangible reward when the target behavior occurs and withholding the reward when the target behavior does not occur [4, 5] . Target behaviors must be defined clearly and measured objectively to ensure that contingent reinforcement is delivered only when that specific behavior has occurred. Furthermore, it is critical that the target behavior is measured at a frequency that maximizes the likelihood of detecting violations of treatment goals should they occur [6, 7] .
Historically, the application of CM strategies to the treatment of alcohol use disorders has been limited by reliance on breath alcohol tests-typically administered in out-patient treatment settings-as the primary objective measure of alcohol use [8] [9] [10] . Given the short half-life of breath alcohol, negative breath tests ensure that individuals have not consumed alcohol within a relatively brief period (i.e. up to 12 hours [11] ), but will not detect other drinking between observations. Randomly prompted daily breath testing has been employed to address this limitation [12] ; however, comparison to self-report data indicated some occasions of drinking were still not captured. Ethyl glucuronide (EtG) urine testing, which allows for detection of alcohol in urine for up to 3 days [13] , has also been employed within a recent CM trial [14] but the observed sensitivity of EtG (at a 500 ng/ml cut-off) detected selfreported alcohol use 50% of the time participants reported drinking 2 days prior, suggesting the need for different detection thresholds and/or monitoring frequency. One approach that can address the limitations of other objective measures of recent alcohol use is transdermal alcohol monitoring, which provides a continuous measure of alcohol excreted through the skin [15] [16] [17] .
Three studies have examined the efficacy of CM interventions using transdermal alcohol concentration (TAC) as the primary objective measure of alcohol use. In a sample of heavy drinking adults (n = 13), Barnett and colleagues [18] compared drinking in 1 baseline week to a 2-week period in which monetary reinforcement was provided for TAC-verified non-drinking days. Even in this small sample, statistically significant within-subject intervention effects were found on self-reported and transdermal measure outcomes. Dougherty and colleagues [19] counterbalanced CM and non-contingent monitoring to examine the efficacy of a CM protocol in which monetary reinforcement was provided when heavy drinking was not detected (n = 26). This study demonstrated withinsubjects reductions in self-report and transdermal measures of alcohol consumption during the CM phase, and showed that individuals who experienced the CM phase first showed less drinking during the non-contingent monitoring phase than individuals who received the CM phase second, suggesting some maintenance of CM-induced behavior change. Two reports from a more recent study conducted by Dougherty and colleagues showed similar within-subject reductions in number of heavy drinking days in a sample of at-risk drinkers (n = 82) verified by self-report [20] and by TAC data [21] during a 12-week CM protocol. Despite the promising evaluation of CM protocols in which TAC is the primary objective measure of the target behavior for contingent reinforcement, to date no investigations using a between-groups design have been conducted.
The purpose of this study was to evaluate the preliminary efficacy of a CM intervention for reducing alcohol use, using alcohol sensor data from the Secure Continuous Remote Alcohol Monitor (SCRAM) bracelet as the basis of the contingent reinforcement and for evaluation of the intervention outcome. We hypothesized that participants receiving contingent reinforcement would show (1) a higher percentage of days with no drinking detected, (2) longer number of consecutive days with no drinking detected, (3) lower peak TAC during intervention weeks and (4) lower average number of drinks per week compared to non-contingent reinforcement during the intervention weeks and that group differences in outcomes would be maintained at 1-month follow-up.
METHODS

Study overview and design
The investigation was conducted in southern New England, USA in a university research center. In a twogroup design, following 1 baseline week, participants were assigned randomly to 3 weeks of contingent reinforcement (n = 15) or yoked non-contingent reinforcement (n = 15). Participants were again assessed 1 month after the intervention using self-reported outcomes. Given the preliminary nature of this trial, formal power analysis was not conducted a priori. The final sample of 30 provided 53% power to detect a medium size effect using regression analyses. All participants gave informed consent and the protocol was approved by the Brown University Institutional Review Board.
Study sample
Participants were recruited through flyers and online advertisements; these stated that the research was seeking adult drinkers who were interested in reducing or stopping drinking. Eligibility criteria were: (1) age ≥ 18 years; (2) past-month alcohol use above the national guidelines (> seven US standard drinks for women, > 14 for men; [22] ); (3) two or more heavy drinking episodes per week in the past month; (4) interest in cutting down or stopping drinking; (5) daily internet access; and (6) an acceptable landline telephone for SCRAM modem data transmission or willingness to come to the research office for data downloads. Exclusion criteria were: (1) drug use other than marijuana more than once a month or in the past month; and (2) significant history of withdrawal as indicated by an Alcohol Withdrawal Symptom Checklist score ≥ 23 [23] or a Clinical Institute Withdrawal Assessment Revised (CIWA-Ar) score ≥ 10 [24] .
Study procedures and measures
Baseline session
Prospective participants responding to online advertisements were screened for initial eligibility and scheduled for a baseline session at which a breathalyzer test verified breath alcohol concentration (BAC) = 0.000; a urine toxicology screen verified no recent drug use other than marijuana and administration of the CIWA-Ar verified self-report of minimum withdrawal symptoms. Other measures administered at baseline included demographics, the Structured Clinical Interview for DSM-IV (SCID), Substance Abuse Module [25] and a shortened version of the Treatment Services Review [26] , which collected selfreported information about prior alcohol treatment. Following the baseline survey, the SCRAM bracelet was installed. Participation started on a Monday 1 and the first week was a baseline week; participants were told that they were not expected to change their drinking during this week. Participants received $25 for the baseline session.
Alcohol monitoring bracelet and coding for detected alcohol
The SCRAM bracelet (versions SCRAM II and SCRAMx; Alcohol Monitoring Systems; AMS) is strapped to the participant's ankle and worn continuously. The bracelet collects a sample of the vapor close to the skin every 30 minutes and stores the reading. The bracelet cannot be removed by the wearer without cutting the strap or breaking the closure clip. Research staff installed the bracelet and provided instructions to participants. Bracelet data were transmitted overnight via a SCRAM modem in the participant's home or were downloaded three times per week in the research office. Once transmitted, these data were available immediately on a secure AMS website. AMS provides data review and indicates bracelet problems and whether bracelet tampering is detected. TAC data were coded by research staff within a day of being available using criteria developed in prior work [18, 27] . Alcohol use was coded as detected on days that: (1) an episode had one or more TAC readings more than 0.02 g/dl and (2) either the absorption rate for the episode < 0.05 g/dl per hour or the elimination rate for the episode < 0.025 g/dl per hour (when peak < 0.15 g/dl) and < 0.035 g/dl per hour (when peak > 0.15 g/dl).
Self-reported alcohol use
Every morning during the baseline and intervention weeks, participants received an e-mail containing a link to a web-based survey that assessed drinking on the previous day. Participants indicated the number of standard drinks (12 oz. beer, 5 oz. wine, 1.5 oz. liquor) they had consumed, from which the average number of drinks per week was calculated. Participants received $5 for each completed report and a $25 bonus for submitting 90% (25 of 28) of reports on the day they were requested. A 30-day time-line follow-back (TLFB) [28, 29] was administered at baseline and follow-up; from this we derived the percentage of days no drinking reported, the longest number of days with no drinking reported and average number of drinks per week. We also calculated an estimate of blood alcohol concentration (eBAC) [30] for each day, and the peak value across all days reflected highest level of intoxication in the past month.
Intervention conditions
On the first day of week 2 (always a Monday), participants received their condition assignment and instructions. The first five participants were assigned to contingent reinforcement (CR), so we would have cases for yoking to noncontingent reinforcement (NR) participants. Thereafter, participants were assigned randomly to condition using a random numbers table determined by the project coordinator and conveyed to research assistants on the day of assignment. During intervention weeks, participants in the CR group received monetary reinforcement for days when no drinking was reported or detected using TAC. When self-report was missing, only TAC was used. Participants were told that any level of drinking might be detected. Each Monday, reinforcement started at $5 and increased $2 every subsequent day on which alcohol was not detected or reported, to a maximum of $17. We used this schedule because there is evidence that increasing the magnitude of reinforcement using an escalating payment schedule produces superior results [31, 32] . Participants received no reinforcement for days on which alcohol use was detected or reported, and the reinforcer value was re-set to $5 the day after a drinking day. Participants in the NR condition were yoked to the daily reinforcer value of an individual in the CR condition, in order of enrollment. Paired participants in CR and NR therefore received the same amount of money; the only difference between conditions was whether the money received was contingent upon alcohol use reduction. NR participants were informed that they would receive a monetary value of $0-17 each day, but that the value they received was not related to their drinking or to any other behaviors. Following every daily survey, all participants received a webpage report indicating whether alcohol had been detected on each previous day, the reinforcer value received for each day and a summary of all reinforcement to date. This information could also be accessed at any time on a password-protected website. At any time, participants in either group could receive cash for the value 1 Nine (30.0%) participants started on a Tuesday; all data for these participants were adjusted to reflect a 6-day baseline week. of the reinforcers due to them. The maximum reinforcement value for both groups was $231.
Post-intervention session and follow-up
At the completion of the intervention period, participants attended a post-intervention session; at this session the bracelet was removed and participants completed a survey about their experience wearing the bracelet. Questions measured physical and social comfort ('How physically uncomfortable was the bracelet?', 'How embarrassing [socially uncomfortable] was it to wear the bracelet?') on a 10-point scale from 1 'very comfortable' to 10 'extremely uncomfortable'. Interference with work, exercise, sleep, ability to concentrate and choice of clothing were measured on a 10-point scale from 1 'not at all' to 10 'completely'. Side effects of itching, sweating and skin irritation were measured on a scale from 1 ' not noticeable' to 10 'unbearable'. We also asked: 'Did you have any marks on your skin from the bracelet?' and 'Would you wear the bracelet for another week?'. Participants received $25 for this interview and received all payments due to them (most waited to receive their payments at this last session). One month after the intervention, participants completed an in-person follow-up interview for $30.
Outcomes and data analysis
The primary outcome during intervention weeks was the percentage of days with no drinking detected using TAC. 2 At follow-up, we used the 30-day TLFB to produce an analogous report of self-reported percentage of days with no drinking reported. Secondary outcomes were longest number of consecutive days with no drinking detected using TAC, peak TAC across all intervention weeks, and selfreported outcomes of average number of drinks per week and the proportion of participants that stayed within two US guidelines for drinking during the intervention weeks: the dietary guideline of no more than one drink per day for women and two drinks per day for men [22] and the National Institute on Alcohol Abuse and Alcoholism (NIAAA) criteria for low-risk drinking of no more than three drinks on any single day and no more than seven drinks per week for women and four per day/14 per week for men [33] .
For between-group comparisons, independent-samples t-tests and χ 2 tests were used. For outcome analyses conducted on the 3 intervention weeks, multiple regression was used with the baseline observation week covaried. For follow-up analyses, we used regression with the baseline session values covaried. Cohen's d was calculated from regression output (2 t/√df). We also conducted a survival analysis using Cox regression in which the number of days to first drink during the intervention weeks was the measured effect.
Missing data
Some bracelet data were missing for seven participants (23.3%), representing 5.5% of all monitored days. Missing TAC was due to: (1) no data collected by the bracelet (i.e. bracelet malfunction; n = 3); (2) temporary bracelet removal (n = 3; two participants were detained by security/police and one who said the bracelet 'flew off ' while she was dancing)-these were detected by AMS as tampers; and (3) undetermined (n = 1; possible malfunction, possible environmental alcohol). For the latter two conditions, data were removed by research staff from the data set. Summary variables were calculated using available data.
RESULTS
Of the 69 participants enrolled at baseline based on their eligibility on the telephone screen, 16 were determined ineligible at the in-person baseline appointment because they did not meet both drinking inclusion criteria on the TLFB. In the baseline week, 19 were withdrawn because they did not meet inclusion criteria by self-report and TAC (2 or more drinking days). An additional three participants withdrew during the baseline week due to skin irritation, work clothing restrictions and travel. Figure 1 shows eligibility, enrollment and retention through all study phases. Information about participants is shown in Table 1 . There were no significant differences between intervention groups on demographics, background information, self-reported drinking at baseline, use of a modem for data transmission and self-reported drinking and transdermal variables during the baseline observation week. There were no baseline differences 2 The nature of alcohol metabolism and of the BAC/TAC curve is such that alcohol can be detected long after consumption. Thus, TAC derived from alcohol consumed on one day will commonly 'cross over' into the second day (i.e. cross over midnight). This creates a dilemma when determining whether to consider the second day as a day on which alcohol was consumed. On one hand, alcohol may have been consumed after midnight and therefore impairment on the second day was possible. On the other hand, we commonly record a drinking episode as occurring on the day it began (e.g. in the time-line follow-back measure), and disregard whether drinking crosses over midnight or whether intoxication continues past midnight. Furthermore, counting the second day as a drinking day may exaggerate intervention group differences, as any day on which TAC crossed over into a second day would be counted as 2 days of drinking when it may only reflect one drinking episode. However, it is not unusual to see a single TAC episode cross over multiple days without returning to 0, reflecting continued drinking on subsequent days, so counting the day on which the episode began as the only day of drinking would, in some cases, also be inaccurate. In summary, a day when TAC 'cross-over' is detected may or may not indicate drinking on that day. For this reason, we have analyzed our data using both ways: first, counting the second day on which a transdermally detected episode continued as a day of drinking and secondly, counting only the first day on which a transdermally detected episode occurred as a drinking day.
between participants who used a modem (30%) and those who did not.
Correspondence between self-report and TAC data
The daily web-based survey completion rate was 99.4%.
Inter-rater reliability of coding the TAC episode criteria was excellent [correlation coefficient (ICC) = 0.98]. The correlation between self-reported number of drinks and area under the transdermal curve was 0.79, P < 0.001, indicating a good correspondence between TAC and self-report measures of volume, and consistent with other work [17, 18] .
Outcomes during intervention weeks
Means and standard deviations (SD) for outcome variables during the baseline week and intervention weeks are in Table 2 . Participants received an average of $95 in reinforcement (same for both groups because of yoking; 41% of the possible amount; range 0-100%).
Primary outcome
Percentage of days no alcohol detected (TAC) Figure 2 shows the percentage of days with no alcohol detected by week and group. With baseline week values covaried, the significance of intervention condition was P < 0.10, with the CR group showing fewer days of drinking than the NR group, both when 'cross-over' TAC was counted as a drinking day and when it was not. 3 
Secondary outcomes
Longest number of consecutive days with no drinking (TAC)
During intervention weeks, the longest period of no drinking was significantly longer in the CR group compared to the NR group after controlling for the baseline week (β = 0.41, P = 0.031). In addition, a significantly higher proportion of CR participants had 1 week or more with no drinking detected (40.0 versus 7.1%, χ 2 (df = 1, n = 29) = 4.3, P = 0.039).
The survival plot for number of days to first detected drinking is in Fig. 3 . The contingencies had a hazard ratio of 2.14 [95% confidence interval (CI) = 0.92-4.99], P = 0.079, indicating that the failure rate for the NR 3 When self-reported and detected drinking days were both included as indicating no drinking, effects became statistically significant, both when 'cross-over' TAC was counted as a drinking day (β = 0.41, P = 0.029) and when it was not (β = 0.37, P = 0.047). It is possible that self-report captured days of drinking that TAC did not ( [27] ), but the two groups also had different incentives for reporting no drinking, so we cannot determine if the findings that include selfreport are due to the CR group reporting less drinking or actually drinking less. 'Cross-over' days were days when a TAC-identified drinking episode started on one calendar day and crossed over at midnight into the next day. The two analyses in this table treated the second day of drinking differently, either counting it as a drinking day or not.
group was more than two times higher than the CR group.
Peak TAC overall
The CR group showed essentially no change in peak TAC from baseline to intervention weeks, whereas the NR group showed a 22% increase in peak TAC from the baseline week to the intervention weeks (see Table 2 ). The group difference was not significant, but showed a medium effect size.
Average number of drinks per week (self-report)
The average number of drinks per week declined from the baseline week to the (average of the) 3 intervention weeks for both groups: by 26% in the NR group and by 51% in the CR group. Within both groups this decline was significant using paired t-tests: t(14) = 2.65, P = 0.019 for CR, and t(14) = 2.24, P = 0.042 for NR. Controlling for the baseline week, the between-groups difference was nonsignificant for the intervention weeks, with a medium effect size.
Low-risk drinking (self-report)
On average, the CR group stayed within the dietary guideline (≤ one drink per day for women; ≤ two drinks per day for men) on 61.0% of days and the NR group stayed within the guideline on 44.1% of days (β = 0.25, P = 0.18), with a medium effect size of d = 0.51 (95% CI = -0.23 to 1.25). The percentage of weeks in which participants stayed under the National Institutes of Health (NIH) daily (≤ three for women; ≤ four for men) and weekly (≤ seven for women; ≤ 14 for men) limits were 31.1% in the CR group Figure 2 Percentage of days with no alcohol detected by intervention group and week. Weeks 1-3 are intervention weeks Figure 3 Survival curves for days to first detected drinking in intervention groups during intervention weeks and 7.1% in the NR group (β = 0.35, P = 0.07), with a medium-to-large effect size of d = 0.71 (95% CI = -0.04 to 1.46) Three participants met the NIH criteria for all 3 weeks; all were in the CR group.
Post-intervention
One person in the NR group did not complete the post-intervention survey. Participant responses to wearing the SCRAM bracelet are in Table 3 . Physical discomfort had the most negative rating in the sample as a whole. The most problematic side effect was itching, but the average score for the side effects items was 2.9 (SD = 1.6) on a scale of 1-10, suggesting that overall side effects were minimal. There were no differences between groups on any of these items.
Follow-up outcomes
The completion rate for the 1-month follow-up assessment was 93%. Group differences were in the hypothesized direction, but no outcomes were significantly different. On drinks per week the CR group showed very little withingroup change from post-intervention to follow-up, t(14) = 0.08, P = 0.94; d = 0.02 (95% CI = -0.49 to 0.53), but the NR group showed improvement, t(12) = À2.53, P = 0.027; d = 0.70 (95% CI = 0.07-1.29), indicating that the reduction in the between-groups differences between intervention and follow-up was due to the NR group reducing drinking at follow-up, not to an increase in drinking in the CR group.
DISCUSSION
This study is the first between-groups controlled trial of contingent reinforcement for alcohol use reduction using transdermal alcohol detection as a continuous objective indicator of alcohol use. Participants who were reinforced on a daily basis had approximately one-and-a-half as many days with no detected alcohol use, and sustained not drinking for almost three times longer than the comparison group. Data from the transdermal monitor showed that the highest TAC level during intervention weeks among those in the CR group was 22% lower than among those in the NR group. Furthermore, when we considered the clinical impact of the intervention, we found that participants in CR were more than three times more likely than those in NR to stay within NIH drinking guidelines. Although most findings were not statistically significant, during the intervention weeks all outcomes had mediumto-large effect sizes in the hypothesized direction.
There were no significant differences in outcomes between intervention groups 1 month after the intervention, but two of the four outcomes were in the expected direction, with small or small-to-medium effect sizes, including an estimate of BAC. We note that across most outcomes the control group showed improvement between the intervention period and follow-up, with minimal change in the intervention group. This pattern of findings suggests that the effect of the contingent reinforcement did not decay in the CR group, but the mechanism through which the NR group improved from baseline throughout the intervention weeks and the follow-up observation is unknown. The P-values presented were derived from independent-sample t-tests, unless indicated otherwise. Physical discomfort and social discomfort were measured using a 10-point scale (10 = 'extremely uncomfortable'). The degree of interference with daily activities was measured using a 10-point scale (10 = 'completely' interfered). Side effects were measured using a 10-point scale (10 = 'unbearable'). e χ 2 test.
Our findings are consistent with previous studies using single-group designs in which participants showed change over time in response to contingent reinforcement for reducing alcohol use on both transdermal and self-reported outcomes [18, 20, 21] , and maintained that change in the short term [20, 21] . Two other trials of CM used breath alcohol [12] and EtG [14] for objective verification; both these studies showed promise for the use of objective measures in a CM study but had no follow-up beyond the intervention weeks. It is important to note that there are important trade-offs for the different alcohol biomarkers used in CM interventions. The SCRAM collects information without required action from the user and provides multiple observations per day, whereas breath tests require many prompted self-tests or staff-observed observations which interfere with daily life, and EtG has a detection window of only 24-48 hours [34, 35] . Being able to monitor alcohol use remotely without any contact with the participant has the potential to be a cost-effective approach for addressing problematic alcohol use. Furthermore, participants were generally accepting of the SCRAM technology, the physical side effects were minimal and the social discomfort was tolerable.
We used cash incentives because studies have suggested that participants value cash more than they value vouchers that can be exchanged for retail goods [36, 37] ; there is also evidence that cash reinforcers and vouchers do not differ in efficacy, and that cash payment does not increase craving or high-risk behaviors [38] . However, there is considerable research showing that CM using prizebased vouchers for patients in treatment is efficacious [39] [40] [41] and more cost-effective than cash [42] .
Strengths and limitations
This study contained several methodological strengths, including a baseline week that provided an objective indicator of comparability between groups prior to randomization, an escalating reinforcement schedule with yoking to control for the monetary value of the reinforcers received by the CR group, a daily web-based report and the ability for remote sensor data uploads, thus minimizing staff effort and participant burden.
A primary limitation is that we did not have an objective indicator of drinking during the follow-up phase, so comparing the intervention phase in which the objective verification was present to the baseline and follow-up phases in which there was no objective indication of drinking might not be appropriate. We used midnight as the end of the calendar day, which increased the likelihood of finding drinking episodes that crossed over from one day to the next, thereby complicating the identification of drinking days. We recommend that future researchers convert the measured 'day' to reflect awake hours on drinking days (including early morning hours). Reinforcers were withheld based on self-report or detected levels of alcohol, and there were some drinking days that we would not have detected (using just TAC) if participants had not reported alcohol use (see [18] for overview); however, our outcome analyses included only days on which alcohol use was detected. In some cases reinforcement was delayed until inperson bracelet downloads were completed, and most participants did not 'cash out' until the study end; these delays in the immediacy of reinforcement could reduce efficacy. The enrolled sample may have had less severe substance use history than a typical treatment sample; approximately half were alcohol-dependent; most had not had previous treatment.
There are some limitations of the transdermal technology that are relevant. Transdermal alcohol is not equivalent to breath or blood alcohol levels, so it is impossible to determine level of impairment using the familiar metric of BrAC/BAC, although efforts are under way to address this limitation [43] [44] [45] [46] [47] . The TAC curve is also delayed relative to BAC, so it is difficult to use sensor data for real-time assessment of contextual factors' effect on drinking. The TAC level and TAC curve must meet specific criteria, so some drinking may not have been detected, but these would tend to be low-risk episodes [27] . One complication with using sensor data to establish adherence to treatment expectations is that the data have to be viewed and coded either by a coder or by software [48] , a more timeconsuming process than viewing toxicology test results. Finally, bracelet malfunctions do occur, but in this study malfunctions were lower than previous reports, some of which used earlier SCRAM models (see [27] for more detail).
Clinical implications and future directions
Research has demonstrated that contingent reinforcement for abstinence is effective in reducing substance use among those in behavioral or pharmacotherapy treatment [49] , and that reinforcing attendance in alcohol treatment populations increases attendance effectively [9] , but there are very few studies that have reinforced reduced alcohol consumption among patients in treatment [10] . The advent of alcohol sensors and novel alcohol biomarkers (including phosphatidylethanol) should allow for greater evaluation of CM for reduced drinking in patients with alcohol use disorders, but fully powered RCTs with alcohol treatment populations are needed.
Transdermal sensors provide a semi-quantitative drinking measure that can be used to support reductions in drinking and/or to shape behavior towards abstinence. Our peak TAC variable had a lower effect size than other variables, and this may be because when participants chose to drink they did so at their typical level. Therefore, reinforcing lower TACs (e.g. an absolute value or a percentage of one's peak) might be a promising harm-reduction intervention. Additionally, observing TAC values during treatment could help to identify different response trajectories, which offers the potential for detecting different treatment needs early. Alcohol biosensors can provide a valuable indicator of treatment-induced behavior change and may be reasonable to use as an outcome measure [13, 50] .
CONCLUSION
Using continuous alcohol monitoring as an objective measure, clinically meaningful behavior change was detected among heavy drinking participants who received contingent reinforcement for showing no alcohol use. Effect sizes were most commonly in the medium-to-large range during intervention, suggesting that the potential for using sensor technology to support behavior change is high. RCTs among treatment populations with alcohol use disorders are needed. 
